A study was conducted in an attempt to devise a simple and more accurate method of predicting difficult intubation. Prospective assessments were made in 282 patients and retrospective assessment in 16 patients with regard to 21 anatomical factors which were correlated with the laryngoscopic view at intubation.
Unlike the findings in patients who are sick from systemic illness, in patients who are otherwise in good health one of the major causes of serious anaesthetic morbidity and mortality is difficulty in airway management. Out of 750 cases of death or cerebral damage which were reported to the Medical Defence Union in the U.K. over a twelve-year period, faulty technique was cited as the cause in 326 and 100 of these involved errors associated with intubation 1 . Taylor studied 41 cardiac arrests in healthy patients having elective surgery. The most frequent causative factor was hypoxia due to hypoventilation, and only three of those survived 2 . Therefore, being able to identify patients who are likely to present difficulty at intubation is important to every practising anaesthetist. This is especially so in patients with apparently normal airways, since it is here that one can get caught unawares.
Over recent years, several methods have been proposed for preoperatively identifying patients who may be difficult to intubate. These methods include Mallampati's sign, Wilson's risk sum, thyromental distance (TMD) and various combinations of these [3] [4] [5] [6] . Subsequent experience has shown however, that these tests have not lived up to the initial expectations. Mallampati's sign, which had a sensitivity of 100% and specificity of 80% in the original paper, was only 42-44% sensitive in two larger prospective series, with specificity and positive predictivity values of 84% and 4.4% 7,8 . Wilson's multifactorial index picked up only 71% of the difficult intubations even in the original study when a criterion of 2 or more was taken as positive 4 . The sensitivity dropped to 42% in a prospective study done by Oates, who found the specificity and positive predictive value (PPV) to be 92% and 8.9% respectively 7 . Bellhouse and Dore suggest a combination of Mallampati's sign, thyromental distance and restricted head extension which they found to be 100% sensitive but they do not mention the number of false positives 9 .
This study was conducted in an attempt to devise a method of predicting difficult intubation which is more comprehensive and accurate as well as simple and clinically applicable on a day-to-day basis.
MATERIALS AND METHODS
In 284 adults requiring general anaesthesia and intubation, preoperative evaluation of 21 anatomical factors was correlated with the laryngoscopic view at intubation. During the study period, 16 other patients were reported to be difficult to intubate by the anaesthetists on the respective cases. These were designated as the retrospective group and the same 21 anatomical factors were evaluated in them after the effects of anaesthesia had worn off. The details of laryngoscopy and intubation were also noted down and evaluated as to whether they were truly difficult as per our criteria.
The variables assessed included the age, sex, height and weight of the patients. The following measurements were made of the mandible: 
Subjective Factors
The presence of a receding chin or a so-called "anterior" larynx on clinical examination was noted. The dentition was assessed, noting the presence of prominent protruding teeth or absence of teeth. Any restriction to head extension or neck flexion was assessed subjectively. When evaluating head extension, a hand was placed behind the neck to immobilize it so that head extension was assessed independently of neck mobility. Any restriction was classified as severe, mild or none. The ability to protrude the lower incisors beyond the upper incisors (anterior subluxation) was noted. Visibility of oropharyngeal structures was assessed in the manner described by Mallampati 3 , all patients being examined sitting up and making sure to avoid phonation.
Laryngoscopy was done initially with a standard pillow and normal adult Macintosh laryngoscope. Laryngoscopic grading was done as described by Cormack and Lehane 10 . If the view was unsatisfactory, anterior laryngeal pressure was applied and the resulting laryngoscopic view was graded. Laryngoscopy was considered to be difficult if no part of the vocal cords could be visualized (Grade III-IV), even after applying anterior pressure on the larynx. Any difficult intubation was confirmed by an anaesthetist with at least four years' experience. The use of any modifications or manoeuvres to aid intubation were recorded, as well as the occurrence of failed intubation. The experience of the intubating anaesthetist was also noted.
RESULTS
On initial laryngoscopy, 49 out of the total 300 patients had a Grade III view and one had a Grade IV view. Application of anterior pressure improved the view to Grade I or II in 27 of the 49 Grade III patients but there was no improvement in the patient with a Grade IV view. Thus 23 patients in all were classified as difficult intubations. Twelve of the difficult laryngoscopies were in the prospective group of 284 patients, giving an incidence of 4.2%. Of the 16 patients in the retrospective group, only 11 were graded as difficult according to the criteria mentioned above.
Seventeen of the 23 patients in the difficult group were intubated after minor adjustments such as changing the size of the pillow or shape of the stylet, or by using a long blade. Three patients were intubated nasally, one with a fibreoptic laryngoscope and one managed with laryngeal mask airway. In one patient, surgery was postponed and done later under regional anaesthesia.
Statistical Analysis
Each of the 21 variables studied was compared between the easy and difficult laryngoscopies using Chi square or Student's t test, as applicable. Twelve of these variables showed statistically significant correlation with difficult intubation (Tables 1 and 2) . 483 
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Anaesthesia and Intensive Care, Vol. 25, No. 5, October 1997 These twelve factors were further subjected to Discriminant Analysis (SPSS/PC+). This resulted in the elimination of four factors which did not have further discriminating power. The eight remaining variables are displayed in Table 3 in order of their discriminating value as measured by Wilks Lambda. In order to simplify bedside assessment, a scoring system was devised, assigning points to each variable based on its discriminative value (Table 4) . When this scoring system was applied to the study population, it was found that a score of 6 or more correctly identified 22 out of the 23 difficult intubations and there were 50 false positives ( Table 5 ). With a view to improving specificity, certain factors which we considered could compensate for other unfavourable factors were given negative scores (Table 6 ). When these compensatory factors were included in the scoring system, the false positives were reduced to 36, but only 20 difficult cases could be identified correctly.
DISCUSSION
Thyromental distance alone has been advocated as a screening test for difficult intubation, since several factors such as restricted head extension, receding mandible or a high anterior larynx may contribute to its shortening 11 . However, we found that a reduced TMD picked up only six of the 23 difficult cases in our series. Mallampati's sign alone predicted 17 of the 23 cases but there were 62 false positives. A combination of these two tests, as advocated by Frerk 6 , identified only five cases-a sensitivity of 22%. The above combination plus restricted head extension was suggested by Bellhouse and Dore 9 . Any one of the three unfavourable factors was present in 20 of the 23 difficult intubations and there were 86 false positives. If two unfavourable factors are considered as positive, only 11 difficult cases were identified. The scoring system presented here was more accurate than the above methods in our study population, possibly because it was more comprehensive and included the various factors involved in laryngoscopy.
The mechanics of direct laryngoscopy may be considered in three steps. The first step consists of neck flexion and head extension to produce maximal alignment of the laryngeal, pharyngeal and mouth axes. Factors VI and VII of the scoring system may be associated with poor neck mobility. In our study, subjective assessment of head extension (Factor III) was more discriminative than objective measurement in degrees, possible because only more severe restriction is picked up on subjective examination. Either 484 G. NATH, M. SEKAR Anaesthesia and Intensive Care, Vol. 25, No. 5, October 1997 way, it is important to assess head extension independently of neck mobility. It has been shown that when extension is restricted due to a narrow atlantooccipital gap, forcible attempts to extend the head further results in bowing of the neck and the larynx is pushed further anteriorly, thus worsening the view 12, 13 . The next step consists of opening the mouth. Our finding that an inter-incisor gap of 4 cm or less (Factor V) correlates with difficult intubation agrees with previous studies. The third step in direct laryngoscopy involves retraction of the tongue forwards in order to expose the cords (Figure 1 ). This may be impeded by (a) a large tongue, which may be identified by the Mallampati's sign-Factor II; (b) a small mandibular space which is predicted by Factor I; or (c) prominent upper incisors-Factor IV (Figures 2-4) .
Thus the proposed scoring system addresses all the manoeuvres involved in direct laryngoscopy. A score of 6 or more predicted difficulty, implying that at least three unfavourable factors are necessary to produce difficulty in patients with no obvious airway pathology. Giving negative scores to compensatory factors reduced the false positives, but resulted in G. NATH, M. SEKAR Anaesthesia and Intensive Care, Vol. 25, No. 5, October 1997 missing our three difficult cases. The advantage of this method is that it can be easily performed at the bedside, with no additional equipment. Though it does give some false positive results, it is always better to be prepared for difficulty beforehand than to be caught in unexpected difficulty.
